T he Gorham-Stout Syndrome (Gorham's massive osteolysis) is a rare condition in which spontaneous, progressive resorption of bone occurs. The aetiology is poorly understood. We report six cases of the condition and present evidence that osteolysis is due to an increased number of stimulated osteoclasts. This suggests that early potent antiresorptive therapy such as with calcitonin or bisphosphonates may prevent local progressive osteolysis.
Osteolysis, a localised resorption of bone, is a common radiological observation. Usually the destruction is associated with some underlying disease. From these so-called secondary osteolyses the rare entity of idiopathic osteolysis or disappearing bone disease can be differentiated.
Idiopathic osteolysis was first described in 1838 and again in 1872 by Jackson 1,2 who reported a case of a 'boneless arm'. The humerus of an 18-year-old man disappeared completely in the course of 11 years, during which he twice sustained a spontaneous fracture of the bone. In spite of the disease he was able to do manual labour until his death at the age of 70 years. In 1955, Gorham and Stout defined a specific disease entity 3 and reviewed 24 cases from the literature. The Gorham-Stout syndrome presents as progressive idiopathic osteolysis of one bone or contiguous bones around one focus, without respect for joint boundaries. It may affect any part of the skeleton, but most commonly involves the skull, shoulder and pelvic girdle. [3] [4] [5] [6] Spontaneous fractures are common.
Regeneration of bone does not occur even when the osteolysis ceases to progress. 7 In no case was there a family history of a similar condition. 3 The phenomenon commences with intramedullary and subcortical radiolucent foci resembling "patchy osteoporosis". 4, 8 It makes slow, irregular, local progress with a concentric shrinkage of the shaft of bones, tapering the involved end and giving the appearance of 'sucked candy'. 4, 8 The affected bone disappears more or less completely unless spontaneous remission occurs. 8 Bone scans usually show decreased uptake in the affected areas. 9 Associated pathological fractures rarely heal and the osteolytic process continues through the fragments. 4, 10, 11 The Gorham-Stout syndrome is not accompanied by general symptoms. During the acute phase, localised pain, swelling, progressive deformity and contractures are the common features. Despite this, the function of the limb remains remarkably good. No case has been reported in which a second osteolytic lesion developed in another bone after a quiescent period. Often, there is a history of trauma. Biochemical and haematological tests are usually normal and helpful only to exclude other diagnoses. Alkaline phosphatase may be elevated in a patient with associated fracture. 8 While contiguous bony involvement is usual, 'skip lesions', multiple foci or metastases do not occur. 8 A total of 175 cases, including two from our own centre, 5, 12 described variously as massive osteolysis, 10 disappearing or vanishing bone disease, 13 Gorham's disease, 14 acute spontaneous absorption of bone, 15 and phantom bone 3 has been reviewed recently. 6 The disease can occur at any age, but is common in adolescents and young adults. There is no gender or racial predilection. The Gorham-Stout syndrome is a rare skeletal disorder of which the aetiology and pathogenesis remain unknown. The diagnosis is, essentially, one of exclusion and must be based on combined clinical, radiological and histopathological findings. Deaths from the disease have occurred in patients in whom the process was localised to the rib, mandible, or vertebral bodies leading to fatal complications from respiratory failure, obstruction of the airway or compression of the spinal cord. 4, 7, 16 Spontaneous arrest of osteolysis after years of bone destruction is common. 3 The end result is severe deformity [26] [27] [28] Because of the rarity of the condition, we report six cases of the Gorham-Stout syndrome from the Bone Tumour Registry of the Hamburg University School of Medicine.
Case Reports Case 1. In 1997, a 77-year-old woman was admitted with increasing pain, a slightly reduced range of movement in the right hip and a radiolucent lesion in the head of the femur. After a fall the right femoral head resorbed within ten weeks (Fig. 1a) . Clinical examination showed that her right leg was 5 cm shorter than the left. Laboratory investigations were normal apart from a slight elevation of the alkaline phosphatase (189 U/l), lactate dehydrogenase (242 U/l), hydroxybutyrate dehydrogenase (149 U/l), and cholesterin (289mg/dl) and a slight decrease in iron (10.9 µmol/ l). An open biopsy was taken and followed, two weeks later, by a local resection with a total prosthetic hip replacement. All microbiological tests proved negative. Histological examination of both the biopsy and resected specimen revealed granulation tissue with distinct vascularisation and a reactive fibrosing synovitis. There was also a marked stimulation of and an increased number of osteoclasts in both the trabecular and, especially, the cortical bone (Fig. 2) . The patient made an uneventful recovery. Six months after surgery, there was no evidence of recurrent osteolysis. Case 2. In 1972, a 70-year-old woman with slowly progressive pain in the right hip, showed radiological destruction of the proximal right femur over a period of less than six months. 5 The affected part was resected and replaced by a hip prosthesis. Histological examination of the specimen showed vigorous osteoclastic resorption which was still clearly active at the margins, and a stroma rich in fibres with numerous blood vessels. During the following three years there was no sign of recurrent disease. Case 3. In February 1984, a 19-year-old girl with no definite history of injury, complained of pain in the sternum and the right side of her chest. Radiographs showed a pathological fracture of the tenth rib with partial osteolysis of the tenth, eleventh and twelfth ribs on the right. Biopsy of the tenth rib revealed fibrous tissue with dilated blood vessels as well as evidence of very active osteoclastic resorption. The patient was treated by local resection of all three affected ribs. She was seen one month after surgery at which stage she had made a good recovery. Case 4. In January 1987, a 78-year-old woman presented with gradual spontaneous disappearance of her right pubis and ischium two weeks after an operation to replace her left hip because of arthritis. Biopsy of the ischium showed markedly vascularised fibrous tissue and osteoclastic resorption (Fig. 3a) . Inside the vascular fibrous tissue were found small isolated fragments of bone surrounded by osteoclasts (Fig. 3b) . The patient was treated conservatively by physiotherapy and discharged seven weeks after the initial arthroplasty of the left hip, with no sign of further progressive osteolysis. She was reviewed 11 months later with no clinical or radiological signs of progression or recurrence of the disease. Case 5. An 83-year-old woman presented in 1991 with a massive osteolysis of the right proximal humerus (Fig. 1b) .
There was no history of trauma or other relevant events. Histological examination of an open biopsy specimen showed bone fragments resorbed by osteoclasts and vascular fibrous tissue. The subsequent course is unknown. Case 6. A 56-year-old woman was admitted to hospital in August 1991 with increasing pain in her right shoulder of eight weeks' duration. Radiographs showed destruction of the head of the right humerus (Fig. 1c) . Open biopsy of the head was carried out, followed ten days later by a shoulder arthroplasty. The excised specimen showed much vascular fibrous tissue with destruction of the spongiosa, fragments of which were surrounded by active osteoclasts (Fig. 4) . The patient made an uneventful recovery. She was seen two months after surgery with no evidence of recurrent disease.
Discussion
Based on the radiological, morphological and clinical findings in previous reports, we diagnosed these cases as idiopathic osteolysis, distinguishable from the many local and systemic conditions which are associated with bone resorption (secondary osteolysis). These include disuse atrophy, acute inflammatory atrophy associated with trauma (Sudeck's atrophy or algodystrophy), primary and metastatic tumours, hyperparathyroidism, gout, congenital pseudarthrosis, granulomatous diseases, rheumatoid arthritis, diabetes mellitus, 503 THE GORHAM-STOUT SYNDROME (GORHAM'S MASSIVE OSTEOLYSIS) VOL. 81-B, NO. 3, MAY 1999 psoriatic arthritis, osteomyelitis, systemic mastocytosis, aseptic necrosis, neurogenic arthropathy, prolonged steroid therapy, bony aneurysm, and cystic angiomatosis of bone. Idiopathic osteolysis comprises a heterogeneous group of rare diseases, characterised by the spontaneous onset of mostly peripheral osteolysis, without obvious reason. It has to be differentiated from familial and sporadic cases and from multicentric and unicentric osteolysis. Hardegger In 1955, Gorham and Stout 3 reported eight patients from whom biopsy material was available. Histological examination revealed a progressive osteolysis always associated with an angiomatosis of blood vessels and sometimes of lymphatics, which seemingly were responsible for the destruction. Neither they nor other authors 38 found osteoclasts in areas of bone resorption and there was no evidence of reparative osteogenesis. A variety of pathogenetic explanations for Gorham-Stout syndrome has been offered. Knoch 14 suggested that a previous silent hamartoma becomes active after a minor trauma and leads to resorption of bone. Neurovascular changes, like those seen in Sudeck's atrophy, have been described. 39 Thompson and Schurman 9 suggested that the disease is a primary aberration of vascular tissue in bone, related to Photomicrograph of the biopsy specimen obtained from the right humeral head (case 6) showing bone trabeculae and fragments of the spongiosa surrounded by osteoclasts in a dense vascular fibrous tissue (undecalcified; Goldner ‫.)531ן‬ 7, 11, 13, 18, 26, [41] [42] [43] [44] In the cases which we have reported and in previous publications by our own group, 5 and by Spieth et al, 45 there was clear evidence that bone resorption was osteoclast-specific. In all six of our patients a very large number of multinucleated osteoclasts were seen with hyperactive resorptive function. The role of the osteoclast. Since the osteoclast is the only cell capable of resorbing bone, it is assumed that the Gorham-Stout syndrome may represent a pathological derangement of osteoclastic activity. Any defect of the osteoclasts could lead to idiopathic osteolysis. The important role of proto-oncogenes in the autocrine regulation of the differentiation of osteoclasts and their function has become more clear, as well as the paracrine osteoclastic regulation mechanisms. These phenomena are relevant in the pathogenesis of the Gorham-Stout syndrome.
Essential genes for the differentiation (colony stimulating factor-1 and c-fos) and the function (c-src, cbl) of osteoclasts were proved by elimination or overexpression of single genes in vivo and in vitro. [46] [47] [48] [49] [50] Hormones and cytokines stimulate osteoclastic differentiation and function by paracrine stimulation. Stimulating effects on osteoclastic activity have been observed in the presence of parathyroid hormone, 51 51, 62, 63 Interleukin-11, oncostatin M, leukaemia inhibitory factor and interleukin-6 (IL-6) in combination with its soluble receptor (sIL-6R) also influence the differentiation or function of osteoclasts. 51 IL-6, in particular, appears to be a mediator of the massive osteolysis in patients with the Gorham-Stout syndrome. Devlin, Bone and Roodman 64 examined patients' serum sampled early in the course of treatment and found elevated levels of IL-6. They further showed that IL-6 increases markedly the number of osteoclast-like multinucleated cells in cultures of normal human marrow and the formation of resorption pits by these cells on dentine slices. The Gorham-Stout syndrome may be, essentially, a monocentric bone disease with a focally increased bone resorption due to an increased number of paracrine-or autocrine-stimulated hyperactive osteoclasts. The resorbed bone is replaced by a markedly vascularised fibrous tissue. The apparent contradiction concerning the presence or absence or the number of osteoclasts, may be explained by the different phases of the syndrome.
Our histopathological study provides good evidence of hyperactive osteoclastic bone resorption causing osteolytic changes. It seems reasonable to suggest that antiresorptive therapy, for example with bisphosphonates or calcitonin, started in an early phase of the disease, could lead to a dramatic improvement in the treatment of progressive osteolytic changes.
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